Purpose: The Institute for Healthcare Improvement is the founder of the care bundled approach and described the methods used on how to develop care bundles. However, other useful methods are published as well. In this systematic review, we identified what different methods were used to design care bundles in intensive care units. The results were used to build a comprehensive flowchart to guide through the care bundle design process. Data sources: Electronic databases were searched for eligible studies in PubMed, EMBASE and CINAHL from January 2001 to August 2014. Study selection: There were no restrictions on the types of study design eligible for inclusion. Methodological quality was assessed by using the Downs & Black-checklist or Appraisal of Guidelines, REsearch and Evaluation II. Data extraction: Data extraction was independently performed by two reviewers. Results of data synthesis: A total of 4665 records were screened and 18 studies were finally included. The complete process of designing bundles was reported in 33% (6/18). In 50% (9/18), one of the process steps was described. A narrative report was written about care bundles in general in 17% (3/18). We built a comprehensive flowchart to visualize and structure the process of designing care bundles. Conclusion: We identified useful methods for designing evidence-based care bundles. We built a comprehensive flowchart to provide an overview of the methods used to design care bundles so that others could choose their own applicable method. It guides through all necessary steps in the process of designing care bundles.
Introduction
Guidelines are developed in order to standardize care processes to improve the quality of care. However, it is known that guidelines are often not followed completely and therefore patients do not receive the care they need [1] . In 2001, the Institute for Healthcare Improvement (IHI) developed the concept of care bundles [2] . Care bundles aim to enhance the reliability of care and to improve clinical outcomes by bundling a small set of interventions together [2] .
The IHI defined criteria for evidence-based care bundles. For example, care bundles consist of three to a maximum of five evidencebased interventions, or so called 'elements,' for a clinical process or patient population. The elements should be applied together in every eligible patient. The completion of an element could only be answered with 'yes' or 'no.' Compliance should be measured by using the all-ornone approach. This means that the bundle should be counted as completed only in case all included bundle elements are performed. The strength of bundling a small set of elements is to ensure that evidence-based care will be uniformly applied together in every eligible patient so that patients receive reliable care [2] [3] [4] .
Care bundles are widely applied tools in intensive care units (ICUs). They are frequently introduced as components of quality improvement initiatives [5, 6] . The earliest developed care bundles, i.e. the central line bundle and ventilator bundle, are nowadays generally accepted in ICUs [5] . The effectiveness of these bundles has led to the development of more care bundles for other care processes or patient populations, such as the sepsis care bundle [7] or the urinary tract infection (UTI) bundle [8] .
The IHI described the process on how they developed the central line bundle and ventilator bundle [3, 4] . Their reports were descriptive in nature. They described the main steps of the bundle design process as well as the particular methods they have used within each process step. For instance, the first step they described was to identify certain processes at risk for ICU patients or that contributed to great harm [2] [3] [4] . This was done by systematically reviewing the literature [9] . Throughout the bundle development process, other methods were used by the IHI. However, the methods used by the IHI may not always be applicable to all ICUs and in every situation. For example, use of systemic reviews is not for all ICUs a useful method to identify risks when the results are not valid due to the heterogeneity of data or due to the low quality of the included studies. In the literature, other useful methods to design care bundles have been published as well, such as a Root Cause Analysis (RCA) to identify risks or the use of a weighing and scoring technique for selecting bundle elements [10, 11] . We wanted to identify what methods were available that could also support the development of new bundles for the ICU besides the IHI approach. Therefore, we conducted a systematic review. The primary objective was to identify what different methodologies were used in the literature to design new evidence-based ICU care bundles. Based on the results, we built a comprehensive flowchart to provide an overview of the methods used so that others could choose their own desired method and to guide through the necessary steps of the development of new evidence-based care bundles for the ICU.
Materials and Methods

Design
A systematic review was conducted to identify methods for designing new care bundles for adult ICUs. The protocol for this study was not registered.
Selection criteria
We included studies that described the different methods within the whole care bundle design process in adult ICUs or the methods described in just certain parts of the design process. Studies were also included in case one or more IHI methods were used. Studies of any design were included and published in the English language.
Search strategy
A systematic search was performed in the electronic databases PubMed, EMBASE and CINAHL from the year care bundles were designed in January 2001 to August 2014. Furthermore, the reference lists of the full-text articles were screened. The search was designed for maximal retrieval, with no limitation of language or types of study design to be identified. The complete list of search terms and strategy of PubMed can be found in Supplementary File 1.
Study selection
The screening of the titles and abstract was conducted in two parts. At first, one author (M.B.) roughly screened all titles and abstracts. Studies were excluded when: (i) the language was not in English; (ii) the bundle was designed for pediatric departments or non-ICU departments or (iii) care bundles were not the subject of the study. Secondly, the titles and abstracts of the remaining articles were again screened. Two authors independently screened the titles and abstracts (M.B., D.D.). In case of discrepancies, we reached consensus through discussion. A third reviewer was involved in case of disagreement.
Full-text studies were reviewed and selected by two authors independently. Studies were included in the analyses in case a description was given of the methodologies used on how to develop care bundles on ICUs for adult patients. Consensus was reached by discussion and a third author was involved in case of disagreement.
Data extraction
We extracted the following data from the identified studies: author, publication year, research design, setting, type of care bundle, methods used to develop the care bundle. Data extraction was independently performed by two authors (M.B., D.D.). In case of discrepancies, consensus was reached by discussion. A third author was involved in case of disagreement.
Quality assessment
Given the diversity in study designs of the selected articles, we used two different tools for assessing the quality of the studies. For studies that primarily described the development of a care bundle, we used the Appraisal of Guidelines, REsearch and Evaluation II (AGREE II) instrument [12, 13] . This instrument is designed for assessing the process of guideline development and how well this process is described [13] . To categorize the study quality, we used the following cut-off points: excellent: (90-100); good (70-89); fair (50-69); poor (≤49) [13] .
The checklist of Downs & Black was used for studies that primarily assessed clinical outcomes by using non-randomized study designs [14] . Checklist item number 27 about sample size calculation was simplified to a score of 0 (no sample size calculation) or 1 (sample size calculation reported). The following cut-off points have been reported to categorize studies by quality: excellent (26) (27) (28) ; good (20) (21) (22) (23) (24) (25) ; fair (15) (16) (17) (18) (19) ; poor (≤14) [15, 16] . Quality assessments were conducted by two reviewers independently. Disagreement between the reviewers was resolved through discussion. A third reviewer was involved in case of disagreement.
Flowchart
Based on the IHI methods as well as on the results of the systematic review, we built a comprehensive flowchart for designing new care bundles. The flowchart contains the main process steps that should be followed. Each step contains methods that can be used for that particular part of the bundle design process. The development of the flowchart will be explained in the next paragraphs.
Expert team
For the development of the flowchart, a multidisciplinary expert team was created. The team consisted of two senior researchers (J.B., F.P.), an intensivist/senior researcher (D.D.) and a junior researcher (M.B.). The junior researcher provided all the information for the consensus meetings. Two senior researchers (J.B., F.P.) were former ICU-nurses who are now involved in quality and patient safety initiatives on the ICU. The intensivist/senior researcher (D.D.) is experienced and trained in quality and safety in healthcare. This multidisciplinary team has a wide experience in the ICU care processes and was familiar with the conditions or requirements of care bundles.
Development process
The IHI was the founder of the care bundled approach. They described the methods they used to develop the central line bundle and ventilator bundle [2] [3] [4] [5] . Their reports were more descriptive in nature [2] [3] [4] [5] . These IHI reports formed the basis to structure the flowchart. We analyzed the IHI methods on how they have developed the central line bundle and ventilator bundle [2, 5] . We analyzed their process in two ways. At first, we converted their descriptive reports into main process steps. For example, the IHI started the bundle development process by identifying problems by using the results of a systematic review. Therefore, this first main process step was labeled as: 'identify problems/risks.' Subsequently, the main steps were identified for the whole bundle development process. All steps were structured in a flowchart. Secondly, we selected the specific methods the IHI used for designing the ventilator bundle or central line bundle. For example, the IHI started the bundle development process by identifying problems by using the results of a systematic review. We incorporated the method of a systematic review in process step 1: 'identify problems/risks. ' Additionally, the methods identified by the literature search were incorporated in one of the main process steps of the flowchart.
Consensus meetings
We used consensus meetings with the expert team to analyze the IHI reports. At first, we identified the main process steps. Secondly, we built the flowchart and thirdly, we selected the methods and placed it in one of the process steps. Two meetings were arranged for defining the main process steps and to build the flowchart and two for filling in the specific methodologies per process step of the flowchart. Differences between the members were discussed until 100% consensus was reached. The meetings were highly structured by using the nominal group technique [17] . This is a structured meeting with experts about a certain issue and consists of two rounds in which the experts rate, discuss and rerate topics or issues [18] .
Results
In total, 4665 articles were identified for possible inclusion through the initial search ( Fig. 1 ). After screening titles and abstract, 107 full-text articles were reviewed. A final set of 18 articles met the inclusion criteria and were included in this study.
Study characteristics
The development of the ventilator bundle was reported in 17% (3/18) and for central line placement as well as for prescribing antibiotics in 11% (2/18). The remaining studies reported the methods used for the following bundles: sepsis; cerebral ventricular drainage; ventriculostomy placement; palliative care; thirst intensity and thirst distress (Table 1) . In 33% (6/18), the whole bundle design process NR, none reported; ICUs, intensive cares; CLABSI, central line-associated bloodstream infection; VAP, ventilator-associated pneumonia; UTI, urinary tract infections; MCDA, multi-criteria decision analysis; FMEA, failure mode evaluation and analysis; GRADE, grading of recommendations, assessment, development and evaluation; RCT, randomized clinical trial; CDC, Centers for Disease Control and Prevention.
was reported. In 50% (9/18), only one method for one process step was reported, i.e. conducting a literature review to identify risks in step 1 [31] . In 89% (16/18), a literature review was used as a method to design bundles. In 75% (12/16) of these studies, a review was only used for identifying problems. In 12.5% (2/16), a review was used to underpin elements with evidence. In 12.5% (2/16), a bundle development process was described in general and that systematic reviews could be used to find evidence for the bundle elements. In 17% (3/18), a narrative report was written about bundles in general. Quality improvements were described in 39% (7/18), methodological studies in 17% (3/18), before and after designs in 11% (2/18). The remaining designs were one randomized trial, one case series and one observational study.
Quality assessment
For nine studies, the checklist of Downs & Black was used. In 56% (5/9), studies scored between 15 and 19 points and were classified as 'fair.' One study scored 24 points and was classified as 'good' [28] . Studies were classified as 'poor' quality in 33% (3/9) (Supplementary File 2, Table 1 ). In six studies, the AGREE II was used. Quality scores were calculated per domain [13] (Supplementary File 2, Table 2 ). For Domain 1, all six studies were classified as 'good', which means that the scope and purpose of the bundle were clearly explained. Six studies were classified as 'fair' for Domain 2, i.e. stakeholder involvement and for Domain 4, i.e. clarity of presentation. For three studies, it was not possible to assess their quality, because narrative reports were written about care bundles in general and no assessment tools were available.
Flowchart for bundle design
The expert team created a flowchart containing all process steps to design new care bundles. The outline of the flowchart is shown in Fig. 2 . Three evaluations were added to the flowchart. These moments can be used to assess if the bundle conditions are met or to identify risks or problems prospectively [2] .
Reported methods for bundle design
The methods identified by the review were placed in either one of the main process steps. Table 2 shows all methods per process step. This table is complementary to Fig. 2 . In four process steps, no other methods than the IHI methods were found.
Discussion
The results of our systematic review show that besides the IHI approach, various additional methods exist to design care bundles. Most included studies reported only one part of the design process (67%, 12/18), while in 33% (6/18) the whole process was described. Given the diversity in the methods used for designing care bundles, it might be suggested that the original IHI methods may not always be applicable to all ICUs and in every situation. For example, Romero et al. selected a set of elements by using the results of their Table 2 . Process steps to design evidence-based care bundles
Process steps
Reported methods of the IHI Additional reported methods
Step 1 Identify problems or risks in a specific patient population or intervention that contributes to great harm and/or high costs Systematic reviews [2, 10, 19, 20, 23, 29, 33] ; Adverse Event Trigger Tool [2] Analyzing own clinical patient data [17, 21, 30] ; root cause analyses [11] ; FMEA [26] Step 2 The identified care problems or risks should be clearly defined
Comprehensive literature search strategy [2] No additional methods reported
Step 3 Conduct a literature search to collect relevant evidence for the problems or risks and to find related elements Collect evidence from the international electronic databases and from the distillation from (inter) national clinical guidelines [2, 19, 20, 23, 26-28, 32, 33] No additional methods reported
Step 4 Select potential relevant and feasible elements from the literature search Select those elements that were described in the literature and were associated with the identified problem [2, 10, 17, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] or from local or (inter) national clinical guidelines [10, 21, 29] Selected elements by analyzing the medication errors [30] Step 5 Select a final set of maximally five elements GRADE approach to evaluate the quality of the evidence of the elements [19, 24, 32] Weighing and scoring technique to select the most suitable, reliable or most appropriate key elements [10, 29, 32] ; root cause analyses [11] ; FMEA [26] ; through discussion sessions or consensus meetings with experts or hospital staff [19, 23, 25, 27] Step 6 Create the care bundle in draft form
Create the bundle in draft form and check if the IHI bundle requirements are met [2, 22, 24] No additional methods reported
Step 7 Pilot test the care bundle in order to assess the reliability
The pilot should be performed in a small sample of patients to identify (potential) risks or barriers for implementation. It is important to monitor the performance of all bundle elements to identify potential problems or risks and to evaluate if the care bundle is feasible, comprehensive, effective and easy to use [2, 25, 27, 28] No additional methods reported analysis on medication errors. The potential elements were based on the types and causes of medication errors that were reported during their baseline period [30] . To prevent these errors, a care bundle was created based on these types and causes of medication errors. In this case, the IHI method for identifying risks might not have given the best results for this ICU. Moreover, Khalid et al. [11] used a RCA for identifying risks. They show that this is an effective tool to clearly identify the local risks and discover the potential weak links in the process. They show that the results of a RCA could form a perfect basis to design new care bundles. Furthermore, we identified studies in which different types of bundles were developed. Besides the well-known central line bundle and ventilator bundle, other care bundles were described in the literature such as the bundle for prescribing antibiotics [22] , ventriculostomy placement [26] or for the bundle in palliative care [27] . The first step in the bundle design process is to identify (potential) problems or risks [2] . The IHI used the adverse event trigger tool for this step [34] . Besides this tool, we identified additional risks assessment tools, such as a RCA [11] or FMEA [26] . These can be highly effective in the bundle design process due to their focus on local problems or risks [11, 26] . This is important for designing care bundles because the included bundle elements should be a generally accepted practice in order to deliver reliable care [2] [3] [4] . Rello et al. used the Multi-Criteria Decision Analysis (MCDA) to design the ventilator bundle. They showed that this method is highly structured and efficient to use in the bundle design process [10, 29] . Another example is the use of a systematic review. The IHI used this method for designing the ventilator bundle [4] . Systematic reviews were also reported in the literature to underpin evidence for the bundle elements in step 3 of the development process.
It is important that care bundles meet the IHI criteria. One of the criteria is that bundle elements must be supported by level 1 evidence [2] [3] [4] . However, robust evidence of care processes in relation to patient outcomes is often not available [35, 36] . Therefore, evidence could also consist of clinical practice guidelines or other peer-reviewed synthesis of the evidence or studies published in a peer-reviewed journal [35, 36] . Even though care bundles aim to improve quality of care, the possibility exists that bundled elements have unexpected negative effects on other care processes. This issue is not well described in the literature but should not be neglected. Therefore, moments for evaluations were incorporated in the bundle design process intended to identify unexpected risks (Fig. 2 ).
Strengths and weaknesses
To our knowledge, this is the first study that reported about the different methodologies used in literature to develop new evidencebased care bundles. Our systematic review has several limitations. A description of the bundle development process is not often reported in detail nor described in abstracts. Therefore, we might have missed some relevant articles. We searched for bundles that were developed for ICUs, while methods used in other hospital areas might be relevant and valid as well. However, the first developed bundles of the IHI were also designed for adult ICUs. Furthermore, the complexity in ICU care is not comparable with other hospital wards. We screened the titles and abstracts of the articles in two steps. During the first step, one author screened all titles and abstracts. However, predetermined unambiguously clear exclusion criteria were applied. In case, there was any uncertainty, the study was included for the second step in this screening process. In the second step, the titles and abstract were screened by two authors independently as recommended in the PRISMA-statement [37] . The quality assessment of the articles was conducted by two persons independently. However, the inter-rater reliability was not calculated. Although the outline of the flowchart is based on the IHI approach, the order of the process phases and incorporating the methodologies in each process phase were conducted by opinions of the expert group. However, we have used a validated consensus method to overcome this issue. By combining both IHI and additional methods, we created a flowchart on how to develop new evidence-based ICU care bundles. We only searched for studies that described the methods used for bundle development and we incorporated these methods into the flowchart Figure 2 Outline of the comprehensive flowchart for designing new care bundles. (Fig. 2) . However, other methods might also be applicable that were not identified in our literature search. For instance, in step 1 (Fig. 2) other risk assessment tools might be effective instead, such as a BowTie analyses [38] or using the analysis from incident reporting systems [39, 40] or 'lean management' [41] .
Conclusion
In this systematic review, we identified useful methods to design new evidence-based care bundles for ICUs, besides the original IHI methods. The results were used to build a generic comprehensive flowchart for designing new evidence-based care bundles. The flowchart provides a detailed view of all process steps of the bundle development process. The flowchart can be used as a useful tool to guide through all necessary steps in the process of designing care bundles. Further research is needed to validate the process steps of the flowchart.
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